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Use of a fusion protein between GFP and an actin-binding domain
to visualize transient filamentous-actin structures
Ka Ming Pang, Eunkyung Lee and David A. Knecht
Many important processes in eukaryotic cells involve
changes in the quantity, location and the organization
of actin filaments [1–3]. We have been able to visualize
these changes in live cells using a fusion protein
(GFP–ABD) comprising the green fluorescent protein
(GFP) of Aequorea victoria and the 25 kDa highly
conserved actin-binding domain (ABD) from the amino
terminus of the actin cross-linking protein ABP-120 [4].
In live cells of the soil amoeba Dictyostelium that were
expressing GFP–ABD, the three-dimensional
architecture of the actin cortex was clearly visualized.
The pattern of GFP–ABD fluorescence in these cells
coincided with that of rhodamine–phalloidin, indicating
that GFP–ABD specifically binds filamentous (F) actin.
On the ventral surface of non-polarized vegetative cells,
a broad ring of F actin periodically assembled and
contracted, whereas in polarized cells there were
transient punctate F-actin structures; cells cycled
between the polarized and non-polarized
morphologies. During the formation of pseudopods, an
increase in fluorescence intensity coincided with the
initial outward deformation of the membrane. This is
consistent with the models of pseudopod extension
that predict an increase in the local density of actin
filaments. In conclusion, GFP–ABD specifically binds F
actin and allows the visualization of F-actin dynamics
and cellular behavior simultaneously.
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Results and discussion
In order to study F-actin dynamics in live cells, we con-
structed two GFP fusion proteins: GFP–ABD and a fusion
of the core 27 amino acids within the ABD of ABP-120
(27mer) and GFP (Figure 1). Both these regions of
ABP-120 have been shown to bind actin in vitro [5–8]. To
test the in vivo actin-binding activity of these two
domains, stable Dictyostelium transformants expressing
GFP–ABD, GFP–27mer and GFP were generated. Each
construct had a unique pattern of fluorescence in cells.
The signal for GFP alone was diffuse over the entire cell
as expected (Figure 2g,h). The fluorescence pattern of
live cells expressing GFP–ABD (Figure 2a,b) was almost
exclusively cortical and was especially strong in pseudopo-
dal regions. The cells in Figure 2b were then fixed and
stained with rhodamine–phalloidin. There was a strong
co-localization of the GFP–ABD fluorescent signal with
that of rhodamine–phalloidin (Figure 2d). 
The fluorescence signal of GFP–27mer was very different
from that of GFP or GFP–ABD. First, the intensity was
significantly (> 10-fold) lower than the other two, although
the expression levels of all three proteins were comparable
(data not shown). Therefore, the weak fluorescent signal
was probably due to improper folding of the GFP moiety
caused by the highly hydrophobic 27mer (in which 20 out
of the 27 residues are hydrophobic). In addition, the fluo-
rescence pattern of GFP–27mer was not cortically associ-
ated. It therefore appears that the 27mer is not sufficient
for actin binding in vivo. It is possible that the 27mer does
not fold properly when it is covalently attached to GFP.
Predictions from the structure of the fimbrin actin-binding
Figure 1
Structures of the fusion protein constructs. The ABD and 27mer of
ABP-120 [4,6] were amplified from Dictyostelium AX3 genomic DNA
using the primer sets TGGATCCACATGGATTGATGTCCA and TGG-
ATCCTGAAGTTTCACGACGTT, and AGGATCCAAATTGGTTGGT-
ATTG and TGGATCCACGTAAAATCAAGGTCCA, respectively. The
PCR products encoding the two domains were separately ligated to
DNA encoding the carboxyl terminus of the Ser65→Thr mutant of GFP
[18] downstream of a penta-alanine linker (dark gray box) in p6OC2.
These fusions and the GFP-encoding region alone were then ligated
into pDXA-HC [19], which contains the promoter and terminator of
Dictyostelium actin 15 (A15P and A15T, respectively) and a G418
selectable marker. AX4 cells were transformed with these three
constructs and selected for G418 resistance. Resistant cells were
plated on a lawn of Klebsiella aerogenes and screened after 3–4 days
by epifluorescence microscopy. Clones expressing various levels of
fluorescence were picked and tested for viability, growth and
development. As we did not detect any impairment of clones















domain indicate, however, that the 27mer is not the region
that directly contacts actin filaments [9].
Although derived from ABP-120, GFP–ABD did not have
the same spatial distribution as the intact protein.
ABP-120 localizes predominantly in new pseudopods [10].
All known F-actin-containing structures such as the
cortex, pseudopods, filopods, crowns, and contractile
furrows, however, were visualized using the GFP–ABD
probe (Figures 2,3 and data not shown). Moreover, when
this probe was introduced into NIH 3T3 mouse fibrob-
lasts, the cortex as well as stress fibers were visualized in
live cells (our unpublished observations). This probe
therefore appears to act as an unregulated F-actin-binding
protein in cells.
Association of GFP–ABD with the actin cortex was also
tested using a co-sedimentation assay [11]. GFP–ABD
showed a 40.4% association with the high-speed cytoskele-
ton pellet while GFP alone showed only 9.3% association.
The localization of the GFP signal in GFP–ABD-express-
ing cells was very sensitive to fixation. Delocalization of
the GFP signal occurred 10–20 seconds after addition of
fixatives. A variety of fixation protocols was tested includ-
ing using different percentages of formaldehyde and glu-
taraldehyde, cold methanol, and methanol–formaldehyde
and a picric-acid-based protocol [12], but all gave similar
results, indicating that GFP–ABD may have relatively low
affinity for F actin and that GFP–ABD therefore dissoci-
ates rapidly during permeabilization. This is expected as
GFP–ABD contains only a single actin-binding domain, as
opposed to native ABP-120 which functions as a homo-
dimer [13]. The rapid relocalization of the GFP–ABD
probe to sites of new F-actin accumulation (Figures 3,4) is
further evidence that it binds only weakly to actin fila-
ments. The behavior of this probe is very different to that
of phalloidin. Phalloidin binds very tightly to F actin and
inhibits its depolymerization. In cells, phalloidin-bound
filaments accumulate over time into an aggregate at the
rear of the cell [14]. No aggregate formation has been
observed in cells expressing GFP–ABD. The weak
binding of GFP–ABD to F actin may also affect its behav-
ior in co-sedimentation assays, leading to an underestimate
of cortical association.
In a population of vegetative cells, most cells are polarized
and make protrusions in one or two directions, whereas
about 5–15% of the cells are round and do not show any
polarity. In most polarized cells, strong punctate fluores-
cent signals were observed in the ventral region of the
cells (Figure 4a,o; arrows). These punctate ‘spots’ were
also stained by rhodamine–phalloidin confirming that they
contained actin filaments (data not shown). The average
diameter of these spots was 0.45 ± 0.11 µm (n = 33) and
they appeared and disappeared with an average duration
of 23.7 ± 4.2 seconds (n = 30), indicating that they were
not permanent focal adhesion complexes. The number of
these F-actin-containing structures varied from 0 to 100
per cell. No direct correlation between motility and the
dynamics of the spots was observed. Although there is no
direct evidence for the function of these structures, there
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Figure 2
Localization of GFP fusion proteins in cells. (a,c,e,g,i) Differential
interference contrast and (b,d,f,h,j) fluorescence images of live
Dictyostelium cells expressing (a,b) GFP–ABD, (e,f) GFP–27mer and
(g,h) GFP were collected simultaneously using the confocal
microscope. (c,d) The cells in (a) were fixed and stained with
rhodamine–phalloidin to localize F actin. (i,j) Side-view images of one
polarized (left) and one non-polarized (right) cell expressing GFP–ABD.
In the polarized cell, large protrusions with strong fluorescence
extending into the Z axis were observed (arrow). Similar structures were
not observed in the non-polarized cells, which appeared as inverted
funnels. Instead, a uniform and contiguous cortex was observed on the
dorsal side while a strong fluorescent ‘base’ was observed at the
ventral side of the cell (array of arrowheads). The height of these cells
decreased when the ring structure expanded horizontally and the
cylindrical dorsal surface was dragged laterally. The bar is 5µm.
were some indications that they were related to attach-
ment to the substratum. First, these punctate structures
were more prominent in cells that had grown on glass for
2 days or longer but were very rare in cells just settled on a
surface. Cells grown for several days seem to adhere more
tightly to the surface (our unpublished observations).
Second, in a RasG mutant, which had very strong adhesive
properties, similar structures were observed when mutant
cells were allowed to attach to glass [15]. 
Side-view images indicated that the polarized cells were
generally taller than the round cells and contained some
large highly fluorescent protrusions in the Z axis
(Figure 2i,j). In these cells, there was little fluorescent
signal at the ventral surface (Figure 2j). In the round and
non-polarized cells, instead of the punctate structures, the
ventral region had a broad ‘ring’ of fluorescence, which
had a relatively smooth periphery without any large
protrusions extending from it (Figure 4e–j). The brightly
fluorescent ‘base’ of the cell viewed from the side in
Figure 2j (arrowheads) is probably such a ring structure.
On the dorsal side, the cortex was constricted into a
central cylindrical tube resulting in cells shaped like
inverted funnels (Figure 2i,j). 
To further define the temporal changes in the actin
cortex, fluorescence and differential interference contrast
(DIC) images were collected periodically. Some cells in a
population shuffled between the polarized form and the
non-polarized form. A sequence of fluorescent images of a
typical cell is shown in Figure 4. During the transition
from the polarized form to the non-polarized form, a small
ring was first observed at one side of the cell (Figure 4c)
which then extended to the rest of the cell (Figure 4d,e).
During the transition back to the polarized form, the ring
broke down where one or two strong lobular fluorescent
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Figure 4
Dynamic changes of the actin cortices in cells
cycling between two morphologies. (a–o)
Vegetative cells expressing GFP–ABD were
imaged by time-lapse confocal microscopy;
images were collected every 30 sec in a focal
plane 1 µm above the surface to reveal the
ventral actin-containing structures. In the
polarized form, most fluorescent signal was
associated with punctate structures (arrows in
a,o), the cortex and pseudopods. In the non-
polarized form, most fluorescent signal was
associated with the ring structure, which
broke down during the transition to the
polarized form (arrowheads in k–m).
Figure 3
Dynamic changes in the pattern of GFP–ABD
fluorescence during pseudopod extension.
(a,c,e,g,i,k,m) Differential interference contrast
and (b,d,f,h,j,l,n) fluorescence images of
vegetative cells were collected
simultaneously, once every 10 sec, in a single
focal plane using the confocal microscope. At
the initial stage of pseudopod extension, when
the membrane could first be seen extending
outward, there was already a measurable
increase in fluorescent signal at the site of the
protrusion (arrows in d,f). (c–h) As the
membrane extended outward, the interior
region was filled with a diffuse but strong
fluorescent signal which showed no
distinctive boundary related to the position of
the pre-existing cortex. (i–n) As the protrusion
progressed further, the signal filling the
interior of the protrusion disappeared, leaving
only staining of the new cortical edge. In some
cases, the pseudopods progressed further
and new protrusions formed on top of the new
cortex and the cycle continued (arrowhead in
n). A strong ring of fluorescence was
observed at the anterior of the cell (a–h).
Although the exact nature of this ring has not
been studied, its size and morphology
suggest that it is a macropinocytic cup. The
bar is 5 µm.
signals were observed inside the ring structure (arrow-
heads in Figure 4k–m). The ring structure then con-
stricted to one side of the cell before disappearing (Figure
4m,n). The time intervals for shuffling from one form to
another varied from 2 minutes to 20 minutes for the cells
observed (n = 10). In the non-polarized form, cells were
still able to translocate despite the fact that the ring struc-
ture was apparently static and there was no evidence of
pseudopod formation (the cell moved upwards in
Figure 4g–j). These cells might be using a gliding type of
motility mechanism, related to that of fish keratocytes.
The nature and function of the punctate actin and ring
structures, as well as the mechanism involved in their for-
mation, require further study.
Pseudopod protrusion is a process that is presumed to
require new F-actin polymerization and changes in the
localization of existing filaments. Figure 3 shows the
sequence of events associated with the extension of a
large pseudopod in a cell expressing GFP–ABD. An initial
increase in fluorescent signal was observed at the site
where new pseudopodia form (Figure 3). The fluorescent
signal of the newly formed pseudopodia was higher than
that of the surrounding cortex. A similar increase was not
observed in the pseudopod region of cells expressing GFP
alone (data not shown). This indicates that the increase
was due to the specific binding of GFP–ABD to the newly
formed actin filaments. The data is consistent with models
that predict an increase in local filament density like the
cortical expansion model [1], but not with a simple model
of protrusion driven by the extension of existing filaments
at the cortex–membrane interface. The specific binding of
GFP–ABD to actin filaments and its ability to rapidly relo-
calize as actin filaments are reorganized in cells will be
helpful in further elucidating the mechanism of pseudo-
pod extension. Moreover, GFP–ABD will also be useful
for studying other actin-dependent phenomena such as
phagocytosis, pinocytosis, cytokinesis and the actin-poly-
merization responses of cells to stimulatory agents.
Materials and methods
Microscopy and image analysis
Clones expressing GFP–ABD, GFP–27mer or GFP were grown on
glass coverslips for 1–2 days in HL5 medium containing 10µg/ml
G418. Side-view microscopy was performed as described previously
[16]. For imaging, the coverslips were mounted in a Rose chamber [17]
filled with 200 µl HL5. All cells were imaged by a Bio-Rad MRC-600
laser scanning confocal microscope (LSCM) equipped with a 25 mW
krypton–argon laser (Ion Laser Technology). A 100 × (1.30 NA) Neo-
fluar objective (Carl Zeiss Inc.) or 60 × (1.25 NA) water immersion lens
(Olympus) was used. Fluorescence and DIC images were collected
simultaneously at time intervals indicated using the slowest scan rate. All
images were collected using a 1% neutral-density filter to attenuate the
laser beam, except for the GFP–27mer-expressing cells (Figure 2e,f)
which required 10% laser power. For phalloidin staining, 200 ml HL-5
medium containing 2% formaldehyde, 0.2% glutaraldehyde, 0.02%
Triton X-100, and 2 µM rhodamine–phalloidin was added to the Rose
chamber immediately after the images in Figure 2a,b were collected.
After 30 min, fixatives and rhodamine–phalloidin were carefully pipetted
out of the Rose chamber on the microscope stage. Fresh HL5 (200µl)
was then added and the images in Figure 2b,c were collected using the
rhodamine channel filter set.
Supplementary material available
Movies showing dynamic changes in F-actin structures for the cells
shown in Figures 3 and 4 are published with this paper on the internet. 
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